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[57] ABSTRACT 

A hydraulic apparatus for a continuously variable trans- 
mission, through which the RPM ratios of a driving 
pulley to a driven pulley is consecutively varied. Such 
RPM ratios are varied by electrically controlling the 
volume of hydraulic fluid supplied to or drained from a 
cylinder of a driving pulley. 

14 Claims, 3 Drawing Figures 
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variation, the diameter ratio between the driving pulley 
HYDRAULIC APPARATUS FOR A and the driven pulley is continuously varied. 

CONTINUOUSLY VARIABLE TRANSMISSION 

BRIEF DESCRIPTION OF THE DRAWINGS 
BACKGROUND OF THE INVENTION 5 The above object, features and advantages of the 

The present invention relates to a hydraulic apparatus P r ,f en ? invention wiI1 become more apparent from the 
for a continuously variable transmission for motor vehi- following description of the preferred embodiments 
cles, and more particularly to a hydraulic apparatus >" conjunction with the accompanying drawings, 

which constantly varies speed ratios. trt w ~!™ n \ . ...... 

A continuously variable transmission, having a V-belt 10 . P^; 1« a hydraulic circuit diagram of the present 
extending between driving and driven pulleys, permits m ^5J!l l0n; . . J , J . t , . , ... 
control of the number of the revolutions of the driven FIG P 2 ! s 3X1 enlarg . ed and deta,I ^ d v,ew of an cmbodx ' 
pulley by varying the size of the V-shaped opening in me "< of < he P^ent mvennon; and 
either the driving pulley, the driven pulley or simulta- „ tU F ]9' 3 15 a S^ph showing the relationship between 
neously varying both of the pulleys. The size of the 15 th f hne P ressure and an f ectnc current suppled to a 
V-shaped opening is varied by changing the amount of solenold ,n a regulator valve " 
pressure being fed into a hydraulic cylinder of either of DETAILED DESCRIPTION OF THE 

the pulleys. Hence, the effective diameter of the pulley PREFERRED EMBODIMENTS 

can be varied by changing the amount of pressure being „ m t . . . ., , . . 4 .. . it _ c 

fed into the hydraulic cylinder, thereby allowing for a 20 11,6 mvent,on 15 de f r,bed m ™ ,h ref " 

continuously varying ratL of driving pulley diameter to ™ .° ^fTfUf T ? * 

«..ii/. t a ~ 7 -m. \r u \x • ^ different embodiments of the present invention, 

driven pulley diameter. The V-shaped openings on the , ;n,.^ t * u ^ r j- f4U 

j . j . ^ it r j r- . . FIG. 1 illustrates a hydrau ic circuit diagram of the 

dnvmg and driven pulleys are each defined by an area *™ a ~ i - u f 

^,,.1 n f:,^ li j « ui ti l- i_ • present invention. A continuously vanab e transmission 

between fixed pulley and a movable pulley which is ^ £ represented by the numeral \ and the me fa 

dependent upon the pressure inputted to the hydraulic moun P ted Qn a mot0f vehic|fi and % onnected with m 

cylinders In order to provide hydrau he pressure to m£ (nQt $hown m (ne drawi } at one of jts ends 

each of the movable pulleys, a hydraulic apparatus is and with shafts connected to drivm wheeIs at its other 

Pr ° A ^ u a r r . ^. 

A pnor hydraulic apparatus for a continous y van- 30 Tne CVT continuousIy varies the RPM ratio ^ 

able transmission was mechanically control^ as tween the s t shaf connected Eo the ine> and the 

shown for example U.S. PaL No^ 4,094,203. Hence, oul t sha ^ connected , G the driving t neels . ^ 

severe limitations were realized m the amount of poten- cominuousIy varia b!e transmission 1 includes the pul- 

tiai change in the width of the pulleys and the rate at Ieys 2 and 3 The pul|ey 3 js a drj vmg „ mounte6 on 

which the width changed when compared to an elec- 35 a driving and input shaft 5 ^ and is driven by the engine 

tromc control of the CVT. The pulley 3 is a driven pulley mounted on a driven and 

SUMMARY OF THE INVENTION output shaft 6. The torque of the shaft 6 is transmitted to 

. the wheels. A torque transmitting V-belt 4 extends be- 

The present invention was made in view of the fore- tween the puileys 2 3. The driving pulley 2 has a 

going background and to overcome the foregoing 40 non-movable member la. which is fixed to and rotatable 

drawbacks. It is accordingly an object of this invention wilh the input shaft 5i and a moV able member 2b. which 

to provide a hydraulic apparatus for controlling a CVT is axiaiIy movable on and rotatable with the input shaft 

which continuously vanes the ratio of driving pulley 5. T he movable member 2b is axially displaced by the 

diameter to driven pulley diameter. pressure exerted upon it by a hydraulic cylinder 2c 

To attain the above object, a hydraulic apparatus for 45 when the movable member 2b is axially displaced in a 

a continuously variable transmission used in motorized direction toward the non-movable member 2a. the 

vehicles, comprises a regulator valve, a first electric w i dtn between the members 2a and 2b is decreased, 

control means, a hydraulic fluid supply means, a hy- This results in an increase in the effective diameter of 

drauhc fluid flow control means and a second electric the driving pulley 2. Hence, the RPM ratio increases 

control means. The regulator valve controls the pres- 50 (RPM of the driven puiley/RPM of the driving pulley), 

sure of the hydraulic fluid fed by the hydraulic fluid Similarly, the driven pulley 3 has a non-movable 

supply means, thereby generating a line pressure. Fur- member 3a, which is fixed to and rotatable with the 

ther, the regulator valve constantly supplies the line driven shaft 6, and a movable member 3b. which is 

pressure to a hydraulic cylinder of the driven pulley. axially displaced on and rotatable with the driven shaft 

The first electric control means is connected with the 55 6. The movable member 3b is axially displaced by the 

regulator valve, thereby varying the amount of a line pressure exerted upon it by a hydraulic cylinder 3c. 

pressure. The hydraulic fluid flow control means con- When the movable member 3b is axially displaced in a 

trols the volume of hydraulic fluid supplied to or direction toward the non-movable member 3a. the. 

drained from the hydraulic cylinder of the driving pul- width between the members 3a and 3b is decreased, 

ley. Lastly, the second electric control means is con- 60 thereby increasing the effective diameter of the pulley 

nected with the hydraulic fluid supplied to or drained 3. 

from the hydraulic cylinder of the driving pulley. To minimize the amount of power consumed by a 

Thus, the hydraulic cylinder of the driven pulley is hydraulic fluid pump, the hydraulic pressure in the 

constantly supplied with a line pressure, and the amount cylinder 3c is controlled to be as small as possible while 

of hydraulic fluid in the hydraulic cylinder of the driv- 65 maintaining a torque necessary to keep the V-belt 4 

ing pulley is varied by the hydraulic flow control from slipping while rotating around the driving pulley 2 

means, by the volume of the hydraulic fluid supplied to and the driven pulley 3. The hydraulic pressure of the 

or drained from the cylinder. In accordance with this cylinder 2c is varied to adjust the RPM ratio. The 
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amount of pressure in the hydraulic cylinder 2c is de- 
signed to be smaller than that of the pressure in the 
hydraulic cylinder 3c However, even though the value 
of the hydraulic pressure supplied to the hydraulic cyl- 
inder 2c is less than the value of the hydraulic pressure 5 
supplied to the hydraulic cylinder 3c, the system is 
designed so that a greater overall hydraulic pressure is 
realized in the hydraulic cylinder 2c than in the hydrau- 
lic cylinder 3c because of the presence of double pistons 
in the cylinder 2c. Hence, it is possible to obtain a RPM 10 
ratio between the driven pulley and driving pulley of 
more than or equal to one. 

The CVT is supplied with hydraulic fluid in the fol- 
lowing manner. A hydraulic fluid pump 10, driven by a 
motor 11, pumps hydraulic fluid from a reservoir 12, 15 
through a filter 13 and a check valve 14, into a passage 
15. The check valve 14 only allows hydraulic fluid to 
flow in a single direction, from the filter 13 and into the 
passage 15. A regulator valve 16 controls the pressure 
supplied to a passage 15, thereby generating a specific 
line pressure in the passage 15. The line pressure in the 
passage 15 is supplied to a cylinder 3c of the driven 
pulley 3 and to a flow control valve 19. The flow con- 
trol valve 19 is a three port connection valve, and in- ^ 
eludes an inlet port 20 communicated through the regu- 
lator valve 16 with the passage 15, a drain port 22 com- 
municated with a drain passage 21 and an outlet port 23 
communicated with the cylinder 2c of the driving pul- 
ley. When the flow control valve 19 is in a first position ^ 0 
24A, as shown in FIG. 1, the inlet port 20 is communi- 
cated with the outlet port 23. When the flow control 
valve 19 is in a second position, shown by 24B, there is 
no communication between the three ports 20, 22 and 
23. Finally, when the flow control valve 19 is in a third 35 
position 24C, the outlet port 23 communicates with the 
drain port 22. A check valve 26 is provided on the drain 
passage 21. The valve 26 only allows hydraulic fluid to 
flow in a single direction, from the flow control valve 
19, to the hydraulic fluid reservoir 12. 

FIG. 2 shows a detailed construction of the regulator 
valve 16 and the flow control valve 19. In this embodi- 
ment, both valves 16 and 19 are provided in the same 
valve body 28. The regulator valve 16 has a valve spool 
32, a puppet shaped valve member 36 and a relief valve 45 
44. The valve spool 32 slides in a bore 30, thereby open- 
ing or closing a port 31, defined between the passage 15 
and the drain passage 21. The valve spool 32 has a radi- 
ally extended portion 45 and a head portion 32a. The 
head portion 32<f has a small Kr, *e 42 therein. A chamber 50 
46 is provided and defined between the radially extend- 
ing outer wall portion 45 of the spool 32 and an inner 
wall of the valve body. A compression coil spring 43 is 
located between the head portion 32a of the valve spool 
32 and the inner wall of the valve body. The spring 43 55 
biases the valve spool 32 in a direction which tends to 
close the port 31. The puppet shaped valve member 36 
controls the flow of hydraulic fluid at a port 39, which 
connects a passage 34 with a hydraulic fluid chamber 
35. A plunger 38 is fixed to the member 36, and slides in 60 
a bore 38a. A compression coil spring 40 is provided 
between the plunger 38 and the inner wall of the valve 
body. The spring 40 biases the valve member 36 in a 
manner which closes the port 39. A first linear solenoid 
37 is positioned around the plunger 38 in the valve body 65 
28 and functionally pulls the plunger 38 against the 
biasing force of the spring 40, whenever the solenoid 37 
is actuated. 



An orifice 33 is provided in the passage 34, which 
communicates with the passage 15. A relief valve 44 is 
also provided in the passage 34 and has a check ball 44a 
and a spring 44b, which biases the ball 44a in a direction 
which tends to close a port 44c. When the pressure in 
the chamber 46 exceeds a predetermined value, the ball 
44<2 is displaced against the force of the spring 44b. In 
this condition, the hydraulic fluid in the passage 34 
returns through the port 44c to the passage 21. 

The flow controi /alve 19 is provided in a position 
between the regulator valve 16 and the cylinder 2c of 
the driving pulley. The flow control valve 19 has a 
valve spool 48, plungers 49 and 50, a second solenoid 55 
and a third solenoid 56. The valve spool 48 controls the 
communication between the ports 20, 22 and 23. Plung- 
ers 49 and 50 are fixed to each end of the spool 48, 
respectively. A compression spring 51 biases the 
plunger 49 in a direction which tends to open the drain 
port 22. Another compression spring 52 is provided in a 
position opposite to that of the spring 51 and biases the 
plunger 50 in a direction which tends to close the drain 
port 22. Further, the second solenoid 55 is provided 
around the plunger 49 in the valve body 28. When the 
second solenoid 55 is actuated, the solenoid 55 pulls the 
plunger 49 by electromagnetic force against the biasing 
force of the spring 51. The third solenoid 56 is provided 
around the plunger 50 in the valve body 28. When the 
solenoid 56 is actuated, the solenoid 56 pulls the plunger 
50 by electromagnetic force against the biasing force of 
the spring 52. 

Once the engine is started and the system is placed in 
operation, the hydraulic fluid pump 10, driven by the 
motor 11, pumps the fluid in the reservoir 12 through 
the filter 13 and the check valve 14 and into the passage 

15. The passage 15 is communicated with the hydraulic 
cylinder 3c of the driven pulley and the regulator valve 

16. When the electric current inputted to the first sole- 
noid 37 increases, the solenoid 37 pulls the plunger 38 
against the force of the spring 40. Consequently, the 
pointed end of the valve member 36 lifts up, and the 
opening area of the port 39 increases. Because the 
chamber 35 is communicated through the small hole 42 
with the drain passage 21, the volume of hydraulic fluid 
drained increases when the opening area of the port 39 
increases. In \hii condition, the hydraulic pressure in 
the chamber 46 decreases. When the force biasing the 
valve spool 32 toward the closing of the port 31 be- 
comes less than the force biasing the valve spool 32 in 
the opposite direction, the valve spool 32 is displaced 
away from the port 31. thereby opening it up. Hence, 
the line pressure of the passage 15 decreases. 

FIG. 3 illustrates the relationship between the line 
pressure and the electric current fed into the first sole- 
noid 37. If the electric current fed into the first solenoid 

37 approaches zero, as in the case of electrical discon- 
nection of the solenoid, the spring 40 biases the plunger 

38 so that it moves in a direction which tends to close 
the port 39. In this circumstance, the pressure of the 
hydraulic fluid in the chamber 46 has the largest value, 
thereby resulting in the line pressure in the passage 15 to 
be the largest value. The line pressure controlled by the 
valve 16 is supplied to the cylinder 3c of the driven 
pulley. 

When an electric current actuates the second and 
third solenoids 55 and 56, the valve spool 48 of the flow 
control valve 19 assumes a neutral position equivalent 
to the position shown in FIG. 2 (i.e., the second position 
24B in FIG. 1). In this condition, there is no flow eom- 
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munication between the ports 20, 22 and 23. When only pressure and being biased in an opposite direction 

the second solenoid 55 is actuated by an electric cur- by the second pressure; 

rent, the solenoid 55 electromagnetically pulls the a first electric control means connected with the 

plunger 49 against the biasing force of the spring 51. regulator valve means, for varying the value of the 

Hence, the opening defined between the inlet port 20 5 first pressure; 

and the outlet port 23 also increases in accordance with hydraulic fluid flow control means for controlling the 

the increase of the actuating current. Consequently, the vo i ume of hydraulic fluid supplied to or drained 

volume of the hydraulic fluid supplied to the cylinder 2c from the hydraulic cylinder of the driving pulley; 

of the driving pulley increases. The increase in supply anc j 

of hydraulic fluid to the cylinder 2c results in an in- !0 a second eIectric contro , means connected with the 

crease in the RPM ratio Contrary to this, when the h drau|ic nujd contro , for , ^ 

tord soleno.d 56 .s actuated by an e ectnc current, the ume of M nui{J , jed > J f 

solenoid 56 electromagnetically pulls the plunger 50 ... „ ■• . f .u j • • •■ 

against the biasing force of the spring 52. In this condi- , $? W™^. c y ,inder ° f th 5 dnvin f P""** . 

tion, the opening defined between the drain port 22 and 15 2 ' f"* hy f aul,c a PP^atus of claim t wherein the 

the outlet port 23 increases, resulting in the increase in re *» la or valve ™ans and the hydraulic fluid flow 

the amount of fluid drained from the cylinder 2c of the co " tr ?| m f"\ s are . P rowded m V"# C ? '^J*** t 

driving pulley. Consequently, the RPM ratio decreases. P 3 " V* hydraulic apparatus of claim 2 wherein the 

Thus r the RPM ratios are controlled by varying the fir f eI 5 ctnc contro1 means com P n ses a first solenoid 

amount of hydraulic fluid suppled to or drained from 20 vaIve for contr o Ilm g the volume of the hydraulic fluid 

the hydraulic cylinder of the driving pulley. drained from the hydraulic fluid of the driven pulley. 

While the present invention has been described in its 4 - ^ hydraulic apparatus of claim 2, wherein the 

preferred embodiments, it is to be understood that the second elect "c control means comprises a second and 

invention is not limited thereto, and may be otherwise tnird solenoid valves for varying the volume of hydrau- 

embodied within the scope of the following claims. 25 lic n " id supplied to or drained from the hydraulic cylin- 

What is claimed is: der of the driving pulley. 

1. A hydraulic apparatus for a continuously variable 5. The hydraulic apparatus of claim 1, wherein: 

transmission for motor vehicles having a driving pulley the second member has more than one land t one of 

with a first fixed memeber and a First movable member, the lands being subjected to the first pressure of the 

the movable member being actuated by a first hydraulic 30 first oil passage which tends to increase the volume 

cylinder to form a V-shaped opening between the fixed of the hydraulic fluid drained and at least a second 

and movable first members, a driven pulley with a sec- land subjected to the second pressure of the second 

ond fixed member and a second movable member, said oil chamber which tends to decrease the voiume of 

second movable member being similarly actuated by a the hydraulic fluid drained; and 

second hydraulic cylinder to form a similar V-shaped 35 biasing means for biasing the second valve member in 

opening between said second fixed member and said a direction which tends to decrease the volume of 

second movable member, and a belt member spanning the hydraulic fluid drained and increase the value 

said pulleys, said hydraulic apparatus comprising: Q f the first pressure. 

a hydraulic fluid reservoir containing hydraulic fluid; 6. The hydraulic apparatus of claim 5, wherein the 

a hydraulic fluid pump for pumping the hydraulic 40 first electric control means is a solenoid valve that elec- 

fluid from the reservoir, tromagnetically pulls the first valve member in a direc- 

a first oil passage having a first pressure and connect- tion that tends to decrease the second pressure of the 

mg said pump to said second hydraulic cylinder; second oil chamber. 

a second oil passage communicating with said reser- 7 The hydraulic a pp ara tus of claim 1, wherein the 

first ^ 3 P ° ft COmmun,Catmg ^ ^ 45 second electric control means, comprises: 

i oi passage, a secom j solenoid valve for electromagnetically mov- 

a regulator valve means located between said first ■ 0 miimk „ r , lUa S,™ n r\ 

, . r . ii- f in g a valve member against the force or a first 

and second passages for controlling the pressure of . . . . , , * , t , 

*u„ u.,j—..i:- n j u »l i- j i- « biasing means when a second solenoid is actuated; 

the hydraulic fluid pumped by the hydraulic fluid . 6 

pump to the second hydraulic cylinder for generat- 50 an , . . , . r . . , 

ing the first pressure which is constantly supplied a tmrd soie "°' d vaiv * for mo ™? thc valve me " lber 

to the second hydraulic cylinder of the driven pul- ° ^ ° * SeC ° nd bl3Smg When a 

l ev . third solenoid is acutated. 

said regulator valve means including a first oil cham- 8 ' A h y drauIic apparatus for a continuously variable 

ber having an inlet communicating with a second 55 transmission for motor vehicles having a driving pulley 

oil chamber within said regulator valve means and w,lh a first fixed member and a ^ movable member, 

an outlet communicating with said second oil pas- tne movable member being actuated by a first hydraulic 

sage, said second oil chamber communicating with cylinder to form a V-shaped opening between the fixed 

said first oil passage through an orifice, a first valve and movable members, a driven pulley with a second 

member located at the inlet of the first oil chamber 60 fi * ed member and a second movable member, said sec- 

for controlling a second pressure of hydraulic fluid ond movable member being similarly actuated by a 

in said second oil chamber, and a second valve second hydraulic cylinder to form a V-shaped opening 

member located at the port of the second oil pas- between said second fixed member and said second 

sage for controlling a first pressure of hydraulic movable member, and a belt member spanning said 

fluid in said first oil passage, the outlet of the first 65 pulleys, said hydraulic apparatus comprising: 

oil chamber being defined within the second valve a hydraulic fluid reservoid containing hydraulic fluid; 

member, said second valve member being biased to a hydraulic fluid pump for pumping the hydraulic 

open the port of the second oil passage by the first fluid from the reservoir; 
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a first oil passage having a first pressure and connect- 
ing said hydraulic fluid pump to the second hy- 
draulic cylinder; 

a second oil passage communicating with said hy- 
draulic fluid reservoir and having a port communi- 5 
eating with said first oil passage; 

a regulator valve means located between the first and 
second passages for controlling the pressure of the 
hydraulic fluid pumped by the hydraulic pump to 
the second hydraulic cylinder, said regulator valve 10 
means having a third oil passage, a first oil cham- 
ber, a second oil chamber, a first valve member and 
a second valve member; 

the third oil passage having an orifice opened in said 
first oil passage; 

the first oil chamber having an inlet opened in the 
third oil passage and an outlet communicating with 
said second oil passage, the first oil chamber being 
defined between inner walls of the second valve 
member; 

the second oil chamber communicating with the third 
oil passage, the second oil chamber being defined 
between a first inner wall of said regulator valve 
and a first outer wall of the second valve member; 2 5 

the first valve member being disposed on an inlet of 
the first oil chamber and controlling a second oil 
passage and the second oil chamber; 

the second valve member disposed on a port of the 
second oil passage and controlling a first pressure 30 
of the hydraulic fluid in said first oil passage, the 

' outlet of the first oil chamber defined within the 
second valve member, the second valve member 
being biased in the direction which tends to open 
the port of the second oil passage by the first pres- 35 
sure of the hydraulic fluid in said first oil passage, 
and biased in the opposite direction by the second 
pressure of the hydraulic fluid in the second oil 
chamber; 

a first electric control means connected with the 40 
regulator valve means, for varying the value of the 
first pressure; 

hydraulic fluid flow control means for controlling the 
volume of hydraulic fluid supplied to or drained 

45 



from the hydraulic cylinder of the driving pulley; 
and 

a second electric control means connected with the 
hydraulic fluid flow control means, for varying the 
volume of hydraulic fluid supplied to or drained 
from the hydraulic cylinder of the driving pulley. 

9. The hydraulic apparatus of claim 8, wherein the 
regulator valve means and the hydraulic fluid flow 
control means are provided in a single valve body. 

10. The hydraulic apparatus of claim 9, wherein the 
first electric control means comprises a first solenoid 
valve for controlling the volume of the hydraulic fluid 
drained from the driven pulley. 

11. The hydraulic apparatus of claim 9, wherein the 
second electric control means comprises second and 
third solenoid valves for varying the volume of hydrau- 
lic fluid supplied to or drained from the hydraulic cylin- 
der of the driving pulley. 

12. The hydraulic apparatus of claim 8, wherein: 
the second valve member has more than one land, 

one of the lands being subjected to the first pres- 
sure of the first oil passage which tends to increase 
the volume of the hydraulic fluid drained and at 
least a second land subjected to the second pressure 
of the second oil chamber which tends to decrease 
the volume of the hydraulic fluid drained; 

and biasing means for biasing the second valve mem- 
ber in a direction which tends to decrease the vol- 
ume of the hydraulic fluid drained and increase the 

* value of the first pressure. 

13. The hydraulic apparatus of claim 12, wherein the 
first solenoid valve electromagnetically pulls the first 
valve member in a direction which tends to decrease the 
second pressure of the second oil chamber. 

14. The hydraulic apparatus of claim 8, wherein the 
second electric control means, comprises: 

a second solenoid valve for electromagnetically mov- 
ing a valve member against the force of a first 
biasing means when a second solenoid is actuated; 
and 

a third solenoid valve for moving the valve member 
against the force of a second biasing means when a 
third solenoid is actuated. 



50 
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To minimize the amount of power consumed by a hydraulic 
fluid pump , the 

hydraulic pressure in the cylinder 3c is controlled to be 
as small as possible 

while maintaining a torque necessary to keep the V-belt 4 
from slipping while 

rotating around the driving pulley 2 and the driven pulley 
3. The hydraulic 

pressure of the cylinder 2c is varied to adjust the RPM 
ratio. The amount of 

pressure in the hydraulic cylinder 2c is designed to be 
smaller than that of 

the pressure in the hydraulic cylinder 3c. However, even 
though the value of 

the hydraulic pressure supplied to the hydraulic cylinder 
2c is less than the 

value of the hydraulic pressure supplied to the hydraulic 
cylinder 3c, the 

system is designed so that a greater overall hydraulic 
pressure is realized in 

the hydraulic cylinder 2c than in the hydraulic cylinder 3c 
because of the 

presence of double pistons in the cylinder 2c. Hence, it 
is possible to obtain 

a RPM ratio between the driven pulley and driving pulley of 
more than or equal 
to one. 

The CVT is supplied with hydraulic fluid in the following 
manner. A hydraulic 

fluid pump 10, driven by a motor 11, pumps hydraulic fluid 
from a reservoir 12, 

through a filter 13 and a check valve 14, into a passage 
15. The check valve 

14 only allows hydraulic fluid to flow in a single 
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direction, from the filter 

13 and into the passage 15. A regulator valve 16 controls 
the pressure 

supplied to a passage 15, thereby generating a specific 
line pressure in the 

passage 15. The line pressure in the passage 15 is 
supplied to a cylinder 3c 

of the driven pulley 3 and to a flow control valve 19. The 
flow control valve 

19 is a three port connection valve, and includes an inlet 
port 20 communicated 

through the regulator valve 16 with the passage 15, a drain 
port 22 

communicated with a drain passage 21 and an outlet port 23 
communicated with 

the cylinder 2c of the driving pulley. When the flow 
control valve 19 is in a 

first position 24A, as shown in FIG. 1, the inlet port 20 
is communicated with 

the outlet port 23. When the flow control valve 19 is in a 
second position, 

shown by 24B, there is no communication between the three 
ports 20, 22 and 23. 

Finally, when the flow control valve 19 is in a third 
position 24C, the outlet 

port 23 communicates with the drain port 22. A check valve 
26 is provided on 

the drain passage 21. The valve 26 only allows hydraulic 
fluid to flow in a 

single direction, from the flow control valve 19, to the 
hydraulic fluid 
reservoir 12 . 

FIG. 2 shows a detailed construction of the regulator valve 
16 and the flow 

control valve 19. In this embodiment, both valves 16 and 
19 are provided in 

the same valve body 28. The regulator valve 16 has a valve 
spool 32, a puppet 

shaped valve member 36 and a relief valve 44. The valve 
spool 32 slides in a 

bore 30, thereby opening or closing a port 31, defined 
between the passage 15 

and the drain passage 21. The valve spool 32 has a 
radially extended portion 

45 and a head portion 32a. The head portion 32a has a 
small hole 42 therein. 

A chamber 46 is provided and defined between the radially 
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extending outer wall 

portion 45 of the spool 32 and an inner wall of the valve 
body. A compression 

coil spring 43 is located between the head portion 32a of 
the valve spool 32 

and the inner wall of the valve body. The spring 43 biases 
the valve spool 32 

in a direction which tends to close the port 31. The 
puppet shaped valve 

member 36 controls the flow of hydraulic fluid at a port 
39, which connects a 

passage 34 with a hydraulic fluid chamber 35. A plunger 38 
is fixed to the 

member 36, and slides in a bore 38a. A compression coil 
spring 40 is provided 

between the plunger 38 and the inner wall of the valve 
body. The spring 40 

biases the valve member 36 in a manner which closes the 
port 39. A first 

linear solenoid 37 is positioned around the plunger 38 in 
the valve body 28 and 

functionally pulls the plunger 38 against the biasing force 
of the spring 40, 

whenever the solenoid 37 is actuated. 

An orifice 33 is provided in the passage 34, which 
communicates with the 

passage 15. A relief valve 44 is also provided in the 
passage 34 and has a 

check ball 44a and a spring 44b, which biases the ball 44a 
in a direction which 

tends to close a port 44c. When the pressure in the 
chamber 4 6 exceeds a 

predetermined value, the ball 44a is displaced against the 
force of the spring 

44b. In this condition, the hydraulic fluid in the passage 

34 returns through 

the port 44c to the passage 21. 

The flow control valve 19 is provided in a position between 
the regulator valve 

16 and the cylinder 2c of the driving pulley. The flow 
control valve 19 has a 

valve spool 48, plungers 49 and 50, a second solenoid 55 
and a third solenoid 

56. The valve spool 48 controls the communication between 
the ports 20, 22 and 



09/22/2002, EAST Version: 1.03.0002 



23. Plungers 49 and 50 are fixed to each end of the spool 
48, respectively. A 

compression spring 51 biases the plunger 49 in a direction 
which tends to open 

the drain port 22. Another compression spring 52 is 
provided in a position 

opposite to that of the spring 51 and biases the plunger 50 
in a direction 

which tends to close the drain port 22. Further, the 
second solenoid 55 is 

provided around the plunger 4 9 in the valve body 28. When 
the second solenoid 

55 is actuated, the solenoid 55 pulls the plunger 49 by 
electromagnetic force 

against the biasing force of the spring 51. The third 
solenoid 56 is provided 

around the plunger 50 in the valve body 28. When the 
solenoid 56 is actuated, 

the solenoid 56 pulls the plunger 50 by electromagnetic 

force against the 

biasing force of the spring 52. 

Once the engine is started and the system is placed in 
operation, the hydraulic 

fluid pump 10, driven by the motor 11, pumps the fluid in 
the reservoir 12 

through the filter 13 and the check valve 14 and into the 
passage 15. The 

passage 15 is communicated with the hydraulic cylinder 3c 
of the driven pulley 

and the regulator valve 16. When the electric current 
inputted to the first 

solenoid 37 increases, the solenoid 37 pulls the plunger 38 
against the force 

of the spring 40. Consequently, the pointed end of the 
valve member 36 lifts 

up, and the opening area of the port 39 increases. Because 
the chamber 35 is 

communicated through the small hole 42 with the drain 
passage 21, the volume of 

hydraulic fluid drained increases when the opening area of 
the port 39 

increases. In this condition, the hydraulic pressure in 
the chamber 4 6 

decreases. When the force biasing the valve spool 32 
toward the closing of the 

port 31 becomes less than the force biasing the valve spool 
32 in the opposite 
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direction, the valve spool 32 is displaced away from the 
port 31, thereby 

opening it up. Hence, the line pressure of the passage 15 
decreases . 

FIG. 3 illustrates the relationship between the line 
pressure and the electric 

current fed into the first solenoid 37. If the electric 
current fed into the 

first solenoid 37 approaches zero, as in the case of 
electrical disconnection 

of the solenoid, the spring 40 biases the plunger 38 so 
that it moves in a 

direction which tends to close the port 39. In this 
circumstance, the pressure 

of the hydraulic fluid in the chamber 46 has the largest 
value, thereby 

resulting in the line pressure in the passage 15 to be the 
largest value. The 

line pressure controlled by the valve 16 is supplied bo the 
cylinder 3c of the 
driven pulley. 

When 'an electric current actuates the second and third 
solenoids 55 and 56, the 

valve spool 48 of the flow control valve 19 assumes a 
neutral position 

equivalent to the position shown in FIG. 2 (i.e., the 
second position 24B in 

FIG. 1). In this condition, there is no flow communication 
between the ports 

20, 22 and 23. When only the second solenoid 55 is 
actuated by an electric 

current, the solenoid 55 electromagnetically pulls the 
plunger 49 against the 

biasing force of the spring 51. Hence, the opening defined 
between the inlet 

port 20 and the outlet port 23 also increases in accordance 
with the increase 

of the actuating current. Consequently, the volume of the 
hydraulic fluid 

supplied to the cylinder 2c of the driving pulley 
increases. The increase in 

supply of hydraulic fluid to the cylinder 2c results in an 
increase in the RPM 

ratio. Contrary to this, when the third solenoid 56 is 
actuated by an electric 

current, the solenoid 56 electromagnetically pulls the 
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plunger 50 against the 

biasing force of the spring 52. In this condition, the 
opening defined between 

the drain port 22 and the outlet port 23 increases, 
resulting in the increase 

in the amount of fluid drained from the cylinder 2c of the 
driving pulley. 

Consequently, the RPM ratio decreases. 

a hydraulic fluid reservoir containing hydraulic fluid; 

a hydraulic fluid pump for pumping the hydraulic fluid from 
the reservoir ; 

a second oil passage communicating with said reservoir and 
having a port 

communicating with said first oil passage; 

a hydraulic fluid pump for pumping the hydraulic fluid from 
the reservoir ; 

a second oil passage communicating with said hydraulic 
fluid reservoir and 

having a port communicating with said first oil passage; 

a regulator valve means located between the first and 
second passages for 

controlling the pressure of the hydraulic fluid pumped by 
the hydraulic pump to 

the second hydraulic cylinder, said regulator valve means 
having a third oil 

passage, a first oil chamber, a second oil chamber, a first 
valve member and a 
second valve member; 
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